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METHOD FOR CLASSIFYING A 
MICROORGANISM IN A BIOLOGICAL SAMPLE 

RELATED APPLICATIONS 

[0001] This application claims the benefit of and priority to U.S. Patent Application Serial No. 
60/643,697, filed January 13, 2005, the disclosure of which is incorporated by reference herein. 

FIELD OF THE INVENTION 

5 [0002] The present invention relates generally to a method for classifying a microorganism in 
a test sample. More particularly, the invention relates to a method using a hemocyte preparation 
for classifying microorganisms, for example, Gram positive bacteria, Gram negative bacteria, 
and fungi, in the test sample. 

BACKGROUND OF THE INVENTION 

10 [0003] Microbial contamination by, for example, Gram positive bacteria, Gram negative 

bacteria, and fungi, for example, yeasts and molds, may cause severe illness and, in some cases, 
even death in humans. Manufacturers in certain industries, for example, the pharmaceutical, 
medical device, water, and food industries, must meet exacting standards to verify that their 
products do not contain levels of microbial contaminants that would otherwise compromise the 

15 health of a recipient. These industries require frequent, accurate, and sensitive testing for the 
presence of such microbial contaminants to meet certain standards, for example, standards 
imposed by the United States Food and Drug Administration (USFDA) or Environmental 
Protection Agency. By way of example, the USFDA requires certain manufacturers of 
pharmaceuticals and invasive medical devices to establish that their products are free of 

20 detectable levels of Gram negative bacterial endotoxin. 

[0004] To date, a variety of assays have been developed to detect the presence and/or amount 
of a microbial contaminants in a test sample. One family of assays use hemocyte preparations 
derived from the hemolymph of crustaceans, for example, horseshoe crabs. These assays 
typically exploit, in one way or another, a clotting cascade that occurs when the hemocyte lysate 
25 is exposed to a microbial contaminant. For example, Figure 1 shows a schematic representation 
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of certain clotting cascades known to be present in hemocyte lysate produced from the 
hemolymph of the horseshoe crab, Limulus polyphemus. Such ly sates are known in the art as 
Limulus amebocyte lysate or LAL. 

[0005] As shown in Figure 1, the coagulation system of LAL, like the mammalian blood 
5 coagulation system, comprises at least two coagulation cascades that include an endotoxin or 
lipopoly saccharide (LPS) mediated pathway (the Factor C pathway) and a (1— >3)-p-D glucan 
mediated pathway (the Factor G pathway). See, for example, Morita et al (1981) FEBS LETT. 
129: 318-321 and Iwanaga etal (1986) J. Protein Chem. 5: 255-268. 

[0006] It is understood that Gram negative bacteria can be detected using LAL based assays. 

10 For example, Gram negative bacteria produce endotoxin or LPS, which after binding to LPS 
binding protein activates the Factor C pathway in LAL (see, Figure 1). The endotoxin or LPS- 
mediated activation of LAL has been thoroughly documented in the art. See, for example, Levin 
etal (1968) Thromb. Diath. Haemorrh. 19: 186; Nakamura a/. (1986) Eur. J. Biochem. 
154: 511; Mutae* al (1987) J, BIOCHEM. 101: 1321; and Ho etal (1993) Biochem, & Mol. 

15 BIOL. INT. 29: 687. When bacterial endotoxin is contacted with LAL, the endotoxin initiates a 
series of enzymatic reactions, known as the Factor C pathway, that are understood to involve 
three serine protease zymogens called Factor C, Factor B, and pro-clotting enzyme (see, Figure 
1). Briefly, upon exposure to endotoxin, the endotoxin-sensitive factor, Factor C, is activated. 
Activated Factor C thereafter hydrolyses and activates Factor B, whereupon activated Factor B 

20 activates proclotting enzyme to produce clotting enzyme. The clotting enzyme thereafter 
hydrolyzes specific sites, for example, Arg 18 -Thr 19 and Arg 46 -Gly 47 of coagulogen, an 
invertebrate, fibrinogen-like clottable protein, to produce a coagulin gel. See, for example, U.S. 
Patent No. 5,605,806. 

[0007] Furthermore, it is also understood that (1— >3)-(3-D glucans and other LAL- reactive 
25 glucans, produced by fungi, for example, yeasts and molds, can also activate the clotting cascade 
of LAL, through a different enzymatic pathway known as the Factor G pathway (see, Figure 1). 
It is understood that Factor G is a serine protease zymogen that becomes activated by (1— >3)-(3- 
D glucan or other LAL reactive glucans. Upon exposure to (1— >3)-(3-D glucan, for example, 
Factor G is activated to produce activated Factor G. It is understood that activated Factor G 



WO 2006/076617 



PCT/US2006/001305 



-3- 

thereafter converts the proclotting enzyme into clotting enzyme, whereupon the clotting enzyme 
converts coagulogen into coagulin. 

[0008] Although the detection of bacterial and fungal contamination can be extremely 
important, the ability to discriminate between these different organisms can provide useful 
information about an infectious agent causing an infection in an individual or the source and 
type of contamination present in a test sample. For example, once an infectious agent has been 
identified, a physician can then prescribe the most appropriate medication for treating an 
infection. Furthermore, once the type of bacterial or fungal contamination has been identified, 
then this type of information may speed up the process of identifying the source of 
contamination in, for example, a water supply. As a result, once the source of contamination has 
been identified, further contamination can be mitigated. However, there is still an ongoing need 
for a simple, routine method that in a single assay can distinguish between Gram negative 
bacteria, Gram positive bacteria, and fungi in a sample of interest. 

SUMMARY OF THE INVENTION 

[0009] The invention is based, in part, upon the discovery that it is possible to use a hemocyte 
preparation in a single, routine assay that can classify a microorganism present in a biological 
sample. In other words, the method of the invention permits one to determine whether microbes 
isolated from a sample of interest are a Gram negative bacterium, a Gram positive bacterium, or 
a fungus. 

[0010] In one aspect, the invention provides a method of classifying a microorganism present 
in a test sample. The method comprises the steps of: (a) combining the sample to be tested with 
a hemocyte preparation to produce a mixture; (b) measuring either (i) an optical property of the 
mixture at a preselected time or (ii) a time in which a preselected change occurs in an optical 
property of the mixture; and (c) comparing the optical property of step (b)(i) or the time value of 
step (b)(ii) with one or more (for example, two or three) standard values to determine whether 
the sample contains a Gram negative bacterium, a Gram positive bacterium, or a fungus, for 
example, a yeast or a mold. 
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[0011] The optical property measured in step (b)(i) can be the absorbance of light at a 
preselected wavelength. Alternatively, the optical property measured in step (b)(i) can be the 
transmittance of light at a preselected wavelength. Alternatively, the optical property measured 
in step (b)(i) can be the turbidity of the sample. In this method, a first standard value of the 
5 optical property is indicative of the presence of a Gram negative bacterium in the sample. A 
second standard value of the optical property is indicative of the presence of a fungus in the 
sample, A third standard value of the optical property is indicative of the presence of a Gram 
positive bacterium in the sample. Each standard value may comprise a range of a given optical 
property indicative, for example, of a Gram negative bacterium, a Gram positive bacterium, or a 
10 fungus. 

[0012] The optical property measured in step (b)(ii) can be the absorbance of light at a 
preselected wavelength. Alternatively, the optical property measured in step (b)(ii) can be the 
transmittance of light at a preselected wavelength. Alternatively, the optical property measured 
in step (b)(ii) can be the turbidity of the sample. In this method, a first standard value of time is 
15 indicative of the presence of a Gram negative bacterium in the sample. A second standard value 
of time is indicative of the presence of a fungus in the sample. A third standard value of time 
value is indicative of the presence of a Gram positive bacterium in the sample. Each standard 
value of time may comprise a range of times indicative, for example, of a Gram negative 
bacterium, a Gram positive bacterium, or a fungus. 

20 [0013] The presence of each type of organism can be analyzed in separate individual assays or 
in a combined assay. For example, the assay may detect (i) Gram positive bacteria, (ii) Gram 
negative bacteria, (iii) fungus, (iv) a combination of Gram negative bacteria and Gram positive 
bacteria, (v) a combination of Gram negative bacteria and fungus, (vi) a combination of Gram 
positive bacteria and fungus, and (vii) a combination of Gram negative bacteria, Gram positive 

25 bacteria and fungus. 

[0014] A hemocyte preparation useful in step (a) can be an amebocyte lysate, for example, a 
Limulus amebocyte lysate. Furthermore, depending upon the assay to be performed, in step (a) 
the mixture may further comprise a chromogenic substrate. By way of example, the 
chromogenic substrate can comprises a para-nitroaniline chromophore. Also, by way of 
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example, the chromogenic substrate can comprise Ile-Glu-Ala-Arg-pNA, where pNA is a para- 
nitroaniline group. 

[0015] It is understood that the method of the invention can be facilitated using a variety of 
kinetic or endpoint assays. Exemplary endpoint assays include an endpoint chromogenic assay 
5 and an endpoint turbidimetric assay. Exemplary kinetic assays include a one-step kinetic assay, 
a multi-step kinetic assay, and a kinetic turbidimetric assay. It is understood that the foregoing 
assays may be performed either in a cartridge or in a well defined by a solid support. 

[0016] The foregoing and other objects, features and advantages of the present invention will 
be made more apparent from the following drawings and detailed description of preferred 
1 0 embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The objects and features of the invention may be better understood by reference to the 
drawings described below in which, 

[0018] Figure 1 is a schematic representation of the Factor C and Factor G cascades present 
15 in Limulus amebocyte lysate; 

[0019] Figure 2 is a flow chart showing an exemplary multi-step kinetic assay; 

[0020] Figures 3A-3D are schematic illustrations of an exemplary cartridge in perspective 
view (Figure 3A), top view (Figure 3B), side view (Figure 3C), and end view (Figure 3D); and 

[0021] Figures 4A-4D are schematic illustrations of an exemplary cartridge in which Figure 
20 4A is a view of a bottom half of an exemplary cartridge of the invention showing the locations 
of immobilized hemocyte preparation and chromogenic substrate, Figure 4B is a view of a top 
half of an exemplary cartridge of the invention, Figure 4C is a cross-sectional view of the 
fabricated cartridge through section A-A, and Figure 4D is a cross-sectional view of the 
fabricated cartridge through section B-B*. 

25 [0022] In the drawings, which are not necessarily drawn to scale, like characters refer to the 
same or similar parts throughout the Figures. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0023] The invention is based, in part, upon the discovery that it is possible to use a hemocyte 
preparation in a single, routine assay to classify a microorganism present within a test sample. 
For example, the method permits one to determine whether microbes harvested or isolated from 
5 a sample of interest are a Gram negative bacteria, a Gram positive bacteria, or a fungi, for 
example, a yeast or mold. 

[0024] The method comprises the steps of: (a) combining the sample of interest with a 
hemocyte preparation to produce a mixture; (b) measuring either (i) an optical property of the 
mixture at a preselected time or (ii) a time in which a preselected change occurs in an optical 
10 property of the mixture; and (c) comparing the optical property of step (b)(i) or the time value of 
step (b)(ii) with one or more (for example, two or three) standard values to determine whether a 
Gram negative bacterium, a Gram positive bacterium, or a fungus, for example, a yeast or a 
mold, is present in the sample. 

[0025] In one assay format where the measurement step involves measuring an optical 
15 property of the mixture at a preselected time (i.e., step (b)(i)), it is understood from calibration 
assays that a first value of the optical property can be indicative of the presence of a Gram 
negative bacterium in the sample, a second value of the optical property can be indicative of the 
presence of a fungus in the sample, and a third value of the optical property can be indicative of 
the presence of a Gram positive bacterium in the sample. A variety of different optical 
20 properties can be used in the practice of the invention. The optical property can be, for example, 
the absorbance units or transmittance units of light at a preselected wavelength. Alternatively, 
the optical property measured can be the turbidity of the sample. 

[0026] In another assay format where the measurement step involves measuring a time in 
which a preselected change occurs in an optical property of the mixture (i.e., step (b)(ii)), it is 
25 understood from calibration assays that a first time value can be indicative of the presence of a 
Gram negative bacterium in the sample, a second time value can be indicative of the presence of 
a fungus in the sample, and a third time value can be indicative of the presence of a Gram 
positive bacterium in the sample. The optical property can be, for example, the absorbance units 
or transmittance units of light of a preselected wavelength, or the turbidity of the sample. 
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[0027] The presence of each type of organism can be analyzed in separate individual assays or 
in a combined assay. For example, the assay may detect (i) Gram positive bacteria, (ii) Gram 
negative bacteria, (iii) fungus, (iv) a combination of Gram negative bacteria and Gram positive 
bacteria, (v) a combination of Gram negative bacteria and fungus, (vi) a combination of Gram 
5 positive bacteria and fungus, and (vii) a combination of Gram negative bacteria, Gram positive 
bacteria and fungus. 

[0028] It is understood that a variety of hemocyte preparations can be useful in the practice of 
the invention. Hemocytes can be harvested from a variety of different organisms, for example, 
insects and crustaceans. Exemplary insects, include, silk worm larvae. Exemplary crustaceans 
1 0 include crabs belonging to the Cancer genus, for example, Cancer borealis, Cancer irratus, 
Carcinus maenas, Hemigrapsus sanguineus (Japanese Shore Crab), crabs belonging to the 
Limulus genus, for example, Limulus polyphemus, crabs belonging to the Tachypleus genus, for 
example, Tachypleus gigas, for example, Tachypleus tridentatus^ and crabs belonging to the 
Carcinoscorpius genus, for example, Carcinoscorpius rotundicauda. 

1 5 [0029] Hemocyte preparations useful in the practice of the invention can be derived from 
hemocytes by lysis using conventional techniques known in the art, for example, by osmotic 
shock, homogenization, ultrasonication and ultracentrifugation. For example, crude lysates may 
be produced using the procedure as originally described in Levin et al (1968) THROMB. Diath. 
HAEMORRH. 19: 186, with modification, or in Prior (1990) "Clinical Applications of the Limulus 

20 Amebocyte Lysate Test" CRC Press 28-36 and 159-166, and in U.S. Patent No. 4,322,217. 

[0030] In one embodiment, useful hemocyte preparations include a hemocyte lysate. 
Hemocyte lysates include any lysate or a fraction or component thereof, produced by the lysis 
and/or membrane permeabilization of hemocytes, for example, amebocytes and hemolymph 
cells, (i) extracted from a crustacean or insect and/or (ii) cultured in vitro after extraction from 
25 the host. Hemocyte cellular material that has been extruded from hemolymph cells by contact 
with a membrane permeabilization agent such as a Ca 2+ ionophore or the like (i.e., extruded 
other than by lysis) or otherwise extracted without cellular lysis is also considered to be a 
hemocyte lysate. A preferred hemocyte lysate is an amebocyte lysate prepared from the blood 
of a crustacean, for example, a horseshoe crab. It is also contemplated that hemocyte lysate may 
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include a cocktail of one or more natural (e.g., purified) or synthetic components of the enzyme 
cascades shown in Figure 1. 

[0031] An amebocyte lysate is any lysate or fraction or component thereof produced by the 
lysis, extrusion, or extraction of the cellular contents from amebocytes extracted from a 
5 crustacean, for example, a horseshoe crab. The amebocyte lysate comprises at least one 

component of an enzymatic cascade (for example, as shown in Figure 1) and/or produces a clot 
in the presence of an endotoxin, for example, a Gram negative bacterial endotoxin and/or a 
glucan, for example, a (1— >3)-P-D glucan, produced by a yeast or a mold. Preferred amebocyte 
lysates can be derived from horseshoe crabs, which include crabs belonging to the Limulus 
10 genus, for example, Limulus polyphemus, the Tachypleus genus, for example, Tachypleus gigas, 
and Tachypleus tridentatus, and the Carcinoscorpius genus, for example, Carcinoscorpius 
rotundicauda. 

[0032] It is possible to produce an endotoxin-specific lysate by removing Factor G activity 

from the lysate, such as the Factor G depleted lysates produced by the methods described in U.S. 
15 Patent Nos. 6,391,570 and 6,270,982. Also, it is contemplated that lysates may be depleted of 

Factor G activity by the addition of certain inhibitors or modulators of Factor G activity, for 

example, certain detergents, saccharides, polysaccharides, and other reagents described in U.S. 

Patent Nos. 5,155,032; 5,179,006; 5,318,893; 5,474,984; 5,641,643; 6,270,982; and 6,341,570. 

An endotoxin-specific lysate is a lysate capable of reacting with a bacterial endotoxin but in 
20 which the reactivity to (l—>3)-P-D glucan has been depleted by at least 80%, more preferably by 

at least 90%, and more preferably by at least 95% relative to the crude lysate from which the 

endotoxin-specific lysate was prepared. 

[0033] It is possible to produce a (1~>3)-P-D glucan specific lysate by producing a lysate 
depleted of Factor C activity. U.S. patent application, publication number US 2004/0241788, 
25 published December 2, 2004 describes a method for producing a Factor G specific lysate. In this 
method, a glucan-specific lysate is prepared by lysing amebocytes in the presence of at least 0.15 
M salt, more preferably 0.25 M salt, for example, a salt containing a monovalent cation, such as 
sodium or potassium ions. A glucan-specific lysate is a lysate capable of reacting with glycan, 
for example, (l->3)-(3~D glucan, but in which reactivity to a bacterial endotoxin or 
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lipopolysaccharide has been depleted by at least 80%, more preferably at least 90%, and more 
preferably at least 95% relative to the crude lysate from which the glucan-specific lysate was 
prepared. 

[0034] Furthermore, it is understood that useful hemocyte preparations may also include a 
5 combination of different lysates. For example, it is possible to produce a lysate useful in the 
practice of the invention by combining a lysate depleted of Factor G activity but retaining Factor 
C activity with a different lysate depleted of Factor C activity but retaining Factor G activity. 
The resulting lysate mixture contains both Factor C and Factor G activity. 

[0035] As will be apparent to one of ordinary skill, divalent metal salts, which are known to 
10 promote activation of the pro-clotting enzyme of hemocyte lysate, as well as buffers to avoid 

extremes of pH that could inactivate the clotting enzyme preferably are included in the hemocyte 
preparations. Any of the buffers and salts that are understood in the art to be compatible with 
the amebocyte lysate system may be used. Typical formulation additives may include, without 
limitation, about 100-300 mM NaCl, about 10-100 mM divalent cations (e.g., Mg 2+ or Ca 2+ ), 
15 biocompatible buffers, e.g., Tris (tris(hydroxy)aminomethane), to give a final pH of about 6.0 to 
about 8.0, and, if the lysate is to be freeze dried, then sugars, e.g., mannitol or dextran. It is 
contemplated that the choice of appropriate formulation additives may also be determined by 
routine experimentation. 

[0036] Synthetic chromogenic substrates have been used to measure the level of endotoxin- 
20 activated pro-clotting enzyme in LAL prepared from the hemolymph of both Tachypleus 

tridentatus and Limulus pofyphemus horseshoe crabs (Iwanaga et ah (1978) HEMOSTASIS 7: 
183-188). During an LAL assay that uses a chromogenic substrate, the pro-clotting enzyme (a 
serine protease) in the LAL is activated by endotoxin and cleaves the substrate's peptide chain 
on the carboxyl side of arginine so as to release the chromogenic group from the substrate, 
25 thereby releasing a marker compound that can be easily detected by, for example, 

spectrophotometry. One advantage of using a synthetic chromogenic substrate in an LAL assay 
in place of a conventional LAL gelation test is that the amount of activated clotting enzyme can 
be quantified and correlated to endotoxin levels in the sample. 
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[0037] Any chromogenic substrate that is cleaved by the clotting enzyme in a hemocyte 
preparation may be used in the practice of the invention. U.S. Patent No. 5,310,657, for 
example, describes an exemplary chromogenic substrate having the formula R1-A1-A2-A3-A4-B- 
R 2 , where Ri represents hydrogen, a blocking aromatic hydrocarbon or an acyl group; Ai 
5 represents an L or D-amino acid selected from He, Val or Leu; A 2 represents Glu or Asp; A 3 
represents Ala or Cys; A4 represents Arg; B represents a linkage selected from an ester and an 
amide; and R 2 represents a chromogenic of fluorogenic group which is covalently attached to the 
C-carboxyl terminal of Arginine through the B linkage, the fluorogenic or chromogenic moiety 
being capable of being cleaved from the remainder of the chromogenic substrate to produce a 
10 chromogen or a fluorogen. An exemplary chromogenic substrate has the consensus sequence 
acetate-Ile-Glu-Ala-Arg-pNA, where pNA represents a para-nitroaniline group. 

[0038] U.S. Patent No. 4,188,264 describes a peptide substrate with a structure consisting of 
L-amino acids in the sequence R r Gly-Arg-R 2 where R! represents an N-blocked amino acid and 
R 2 is a group that can be released by enzymatic hydrolysis to yield a colored compound, HR 2 . 
15 U.S. Patent No. 4,510,241 discloses a chromogenic peptide substrate, which differs from the 
previous substrate in that the Gly moiety is replaced in the sequence by Ala or Cys. 
Alternatively, the chromogenic substrate may contain a fluorophore, for example, 7-amino-4- 
methyl coumarin, 7-amino-4-trifluoromethyl coumarin, and 4-methoxy-2-naphthalyamine. 

Assay Considerations 

20 [0039] It is understood that the method of the invention can be facilitated using a variety of 
endpoint or kinetic assays. Exemplary endpoint assays include an endpoint chromogenic assay 
or an endpoint turbidimetric assay. Exemplary kinetic assays include a kinetic turbidimetric 
assay, a one-step kinetic assay or a multi-step kinetic assay. Each of the assays is discussed in 
more detail below. Furthermore, it is understood that the assays may be modified to be 

25 performed in a particular assay format, for example, in a cartridge or in the well of a plate, for 
example, a 96 well plate. 

(1) Kinetic Assays 



WO 2006/076617 



PCT/US2006/001305 



-11- 

[0040] Exemplary kinetic assays include multi-step kinetic assays, single-step kinetic assays, 
and kinetic turbidimetric assays. 

(0 Multi-step Kinetic Assay 

[0041] The various steps involved in the multi-step kinetic assay are shown schematically in 
Figure 2. The assay is initiated by combining the sample to be tested with a volume of a 
hemocyte preparation to produce a sample-hemocyte preparation mixture. The mixture then is 
incubated for a predetermined period of time. The mixture then is contacted with a substrate, for 
example, a chromogenic substrate, to produce a sample-hemocyte preparation-substrate mixture. 
Thereafter, the time in which a preselected change in an optical property (for example, a specific 
change in an absorbance value or a specific change in a transmission value) is measured. 

[0042] The assay can be calibrated by measuring the time in which a preselected change in an 
optical property occurs when a certain amount of a Gram negative bacteria, a Gram positive 
bacteria or a fungus are introduced into the assay. It is understood that Gram negative bacteria 
give a first value, for example, a first range of time points, fungi give a second value, for 
example, a second range of time points, and Gram positive bacteria give a third value, for 
example, a third range of time points. The first, second and third values preferably do not 
overlap with one another. By comparing the result generated by a test sample against one or 
more of the first, second and third values, it is possible to determine whether the microbe present 
in the test sample is a Gram negative bacteria, a Gram positive bacteria, or a fungi. 

[0043] It is understood that a multi-step kinetic assay can be run in a cartridge format. The 
cartridge preferably is used with an optical detector, for example, a hand-held optical detector as 
shown and described in U.S. Patent No. Des. 390,661. 

[0044] By way of example and as illustrated in Figures 3A-3D, cartridge 1 has a substantially 
planar housing fabricated, for example, from a moldable biocompatible material. The housing 
may be fabricated from any material, however, transparent and/or translucent glass or polymers 
are preferred. Preferred polymers include, for example, polystyrene, polycarbonate, acrylic, 
polyester, optical grade polymers, or any plastic such that the optical cell is substantially 
transparent. The housing contains at least one fluid inlet port 4, at least one optical cell 6, and at 
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least one conduit 8 having a fluid contacting surface for providing fluid flow communication 
between the fluid inlet port 4 and optical cell 6. The only requirements for the optical cell 6 are 
that it defines a void capable of containing a sample to be tested and that a portion of the optical 
cell 6 is transparent to light. Cartridge 1 may also have at least one pump port 12 in fluid flow 
5 communication with fluid inlet port 4 and optical cell 6 for attaching the cartridge 1 to a pump. 
The pump may then impart a negative pressure via pump port 12 to pull the sample from fluid 
inlet port 4 to optical cell 6. A hemocyte lysate is disposed on a first region 14 of the fluid 
contacting surface of conduit 8, so that when a sample is applied to fluid inlet port 4 5 the sample 
traverses region 14 and solubilizes or reconstitutes the hemocyte lysate into the sample as it 
10 moves toward optical cell 6. 

[0045] A second region 16 of the fluid contacting surface of conduit 8 is spaced apart from 
and downstream of first region 14. In this configuration, hemocyte lysate is disposed at first 
region 14 and a chromogenic substrate is disposed at second region 16, so that after the sample 
is contacted with the hemocyte lysate in region 14, the sample-lysate mixture traverses conduit 8 
15 and contacts the chromogenic substrate in region 16. The sample-lysate-substrate mixture then 
traverses conduit 8 to optical cell 6. 

[0046] The cartridges can be designed and used according to the type and/or number of tests 
required. For example, a single sample may be tested, for example, in duplicate or triplicate, for 
example, for research laboratory use or for medical device and biopharmaceutical testing. 

20 Alternatively, two or more different samples may be tested individually, for example, for 
dialysis facility testing of water and dialysate. The cartridge preferably is a single-use, 
disposable cartridge that is discarded after one use. The cartridges typically use approximately 
20-100 fold less hemocyte lysate per sample than is used in the conventional endpoint 
chromogenic or kinetic chromogenic assays performed in multi-well plates, and thus provides a 

25 less costly and environmentally-friendlier test. 

[0047] With reference to Figure 3A, in order to perform a multi-step kinetic assay in an 
exemplary cartridge 1, a sample is first moved, for example, by pump action, to a first region 14 
containing the hemocyte preparation, where it is mixed and incubated for a predetermined period 
of time. The sample-hemocyte preparation mixture then is moved, for example, by pump action, 



WO 2006/076617 



PCT/US2006/001305 



-13- 

to the second region 16 containing the substrate, for example, a chromogenic substrate, where it 
is solubilized. The sample-chromogenic substrate mixture then is moved to optical cell 6, for a 
measurement of an optical property. The time intervals required for mixing and incubating steps 
are preprogrammed for optimal sensitivity and microbial contaminant concentration range. An 
5 exemplary cartridge-based multi-step kinetic assay is described in Example L 

[0048] Although the multi-step assay may be performed in a cartridge of the type discussed 
above, it may also be employed in a variety of other formats, for example, within the well of a 
microtiter plate. In this type of assay, a sample of interest is combined with a hemocyte 
preparation and incubated for a predetermined period of time. Then, after the predetermined 
10 period of time, a chromogenic substrate is added to the well. After mixing, the time in which a 
preselected change in an optical property occurs is measured. The result can then be compared 
against one or more standard values to determine whether Gram negative bacteria, Gram positive 
bacteria or fungus is present in the sample of interest. 

[0049] In the well-type format, the samples and reagents are added to each of the wells, 
15 preferably using an automated system, such as a robot, and the plate processed by a microplate 
reader, which can be programmed to sequentially read the absorbance of each well in a repetitive 
fashion. 

(ii) Single-Step Kinetic Assay 

[0050] A single-step kinetic assay, for example, a single step-chromogenic assay, is described 
20 in U.S. Patent No. 5,310,657. Briefly, the kinetic chromogenic assay includes the steps of (i) 
simultaneously solubilizing a hemocyte preparation with a sample to be analyzed and a 
substrate, for example, a chromogenic substrate, (ii) incubating the resulting mixture at a 
temperature of about 0° to about 40°C, preferably about 25° to about 40°C 5 over a predetermined 
time range, and (iii) measuring a time required for a colorimetric change to reach a pre-selected 
25 value or change of the colorimetric readout, using a conventional spectrophotometer. 

[0051] This type of assay, like the multi-step kinetic assay, can be performed in a cartridge or 
a well-type format. A cartridge similar to that described above for the multi-step kinetic assay 
can be modified for use in single-step kinetic assay. With reference to Figure 3A, chromogenic 
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substrate is applied, for example, to the surface of conduit 8 at first region 14 together with the 
hemocyte lysate. In order to perform a kinetic chromogenic assay in cartridge 1 and in reference 
to Figure 3 A, a sample is moved, for example, by pump action, to a first region 14 of the 
conduit 8 containing both the hemocyte preparation and chromogenic substrate, where they are 
5 solubilized, for example, by cycling between forward and reverse pump action. The sample- 
hemocyte preparation-substrate mixture then is moved to optical cell 6 for measurement of an 
optical property, for example, the absorbance or transmittance properties of the sample by an 
optical detector. The detector may determine how long it takes for each optical property to 
exhibit, for example, a 5% drop in optical transmittance. Results from multiple assays, for 
10 example, two assays, can be averaged. 

[0052] The assay can be calibrated by measuring the time in which a preselected change in an 
optical property occurs when a certain amount of Gram negative bacteria, Gram positive bacteria 
or fungi are introduced into the assay. It is understood that Gram negative bacteria give a first 
value, for example, a first range of time points, fungi give a second value, for example, a second 
15 range of time points, and Gram positive bacteria give a third value, for example, a third range of 
time points. The first, second and third values preferably do not overlap with one another. By 
comparing the result generated by a test sample against one or more of the first, second and third 
values, it is possible to determine whether the microbe present in the test sample includes a 
Gram negative bacteria, a Gram positive bacteria or a fiingi. 

20 [0053] This type of assay format may be employed in a variety of other formats, for example, 
within the well of a microtiter plate. In this type of assay, a sample of interest is mixed with a 
hemocyte preparation and a chromogenic substrate. After mixing, the time in which a 
preselected change in an optical property occurs is measured. The result can then be compared 
against standard values to determine whether Gram negative bacteria, Gram positive bacteria, or 

25 fungus is present in the sample of interest. An exemplary well-based single-step kinetic assay is 
described in Example 3. 

(iii) Kinetic Turbidimetric Assay 



[0054] The kinetic turbidimetric assay is described in Prior (1990) supra, pp. 28-34. Briefly, 
the kinetic turbidimetric assay includes the steps of (i) solubilizing a hemocyte lysate with a 
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sample to be analyzed, (ii) incubating the resulting mixture at a temperature of about 0° to about 
40°C, preferably about 25° to about 40°C, over a predetermined time range, and (iii) measuring a 
time required for either a turbidity change caused by coagulation to reach a pre-selected value or 
a ratio in change of the turbidity, using a conventional coagulometer, nepherometer, or 
5 spectrophotometer. 

[0055] This type of assay, like the previous assays, can be performed in a cartridge or a well- 
type format. A cartridge similar to that described above for the multi-step or single-step kinetic 
assays can be modified for use in kinetic turbidimetric assays. With reference to Figure 3A, no 
chromogenic substrate needs to be applied to either first region 14 or second region 16. 

10 [0056] Referring to Figure 3A, in order to perform a kinetic turbidimetric assay in a cartridge 
1, a sample is, for example, moved to a first region 14 of the conduit 8 containing the hemocyte 
preparation, where it is solubilized, for example, by cycling between fonvard and reverse pump 
action. The sample-lysate mixture then is moved to optical cell 6 for measurement of an optical 
property, for example, turbidity, by measuring, for example, the absorbance or transmittance 

15 properties of the sample-lysate mixture using an optical detector. The detector may determine 
how long it takes for each optical property to exhibit, for example, a 5% drop in optical 
transmittance. Results from multiple assays, for example, two assays can be averaged. 

[0057] The assay can be calibrated by measuring the time in which a preselected change in an 
optical property, for example, turbidity, occurs when a certain amount of a Gram negative 

20 bacteria, Gram positive bacteria or a fungi are introduced into the assay. It is understood that 
Gram negative bacteria give a first value, for example, a first range of time points, fungi give a 
second value, for example, a second range of time points, and Gram positive bacteria give a third 
value, for example, a third range of time points. The first, second and third values preferably do 
not overlap with one another. By comparing the result generated by a test sample against the 

25 first, second and third values, it is possible to determine whether the microbe present in the test 
sample includes Gram negative bacteria, Gram positive bacteria or fungi. 

[0058] This type of assay format may be employed in a variety of other formats, for example, 
within the well of a microtiter plate. In this type of assay, a sample of interest is mixed with a 
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hemocyte preparation. After mixing, the time in which a preselected change in an optical 
property, for example, turbidity, occurs is measured. The result can then be compared against 
standard values to determine whether Gram negative bacteria, Gram positive bacteria, or fungus 
is present in the sample of interest. An exemplary well-based kinetic turbidimetric assay is 
described in Example 2. 

(2) Endpoint Assays 

[0059] Exemplary endpoint assays include endpoint chromogenic and endpoint turbidimetric 
assays. 

(i) Endpoint Chromogenic Assay 

[0060] The endpoint chromogenic assay is described in Prior (1990) supra, pp. 28-34, and 
U.S. Patent Nos. 4,301,245 and 4,717,658. Briefly, the endpoint chromogenic assay includes the 
steps of (i) solubilizing a hemocyte preparation with a sample to be analyzed, (ii) incubating the 
resulting mixture at a temperature of about 0°C to about 40°C 5 preferably about 25 °C to about 
40°C, for a predetermined time, (iii) contacting substrate, for example, a chromogenic substrate, 
with the incubated sample-hemocyte preparation mixture, (iv) optionally adding a reaction 
inhibitor, for example, acetic acid, and (v) measuring, e.g., by colorimetric change, a substance 
produced from the substrate by enzymatic activity. 

[0061] This type of assay can be performed in a cartridge or in a well-type format. When an 
endpoint chromogenic assay is performed in a cartridge 1 (see, Figure 3A), a sample is moved, 
for example, to a first region 14 of the conduit 8 containing the hemocyte preparation, where it is 
solubilized, for example, by cycling between forward and reverse pump action. Following a 
predetermined incubation period, the sample-hemocyte preparation mixture then is moved, for 
example, by pump action to a second region 16 of the conduit 8 containing the chromogenic 
substrate, where it is solubilized, for example, by cycling between forward and reverse pump 
action. The sample-hemocyte preparation-substrate mixture optionally then is moved to a third 
region containing a reaction inhibitor. Afterwards, the sample-hemocyte preparation-substrate 
mixture is moved to optical cell 6 for measurement of an optical property, for example, the 
absorbance or transmittance properties of the sample by an optical detector. It is contemplated, 
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however, that when performing an end-point chromogenic assay in a cartridge it is not necessary 
to stop the reaction using a reaction inhibitor. Under this type of assay, the final optical readings 
(endpoint readings) are recorded at a predetermined time. 

[0062] The assay can be calibrated by measuring an optical property, for example, absorbance 
5 or transmittance, when a certain amount of Gram negative bacteria, Gram positive bacteria or 
fungi are introduced into the assay. It is understood that Gram negative bacteria give a first 
value, for example, a first range of absorbance or transmittance values, fungi give a second 
value, for example, a second range of absorbance or transmittance values, and Gram positive 
bacteria give a third value, for example, a third range of absorbance or transmittance values. 
10 The first, second and third values preferably do not overlap with one another. By comparing the 
result generated by a test sample against one or more of the first, second and third values, it is 
possible to determine whether the microbe present in the test sample includes Gram negative 
bacteria, Gram positive bacteria or fungus. 

[00631 As discussed, this type of assay format may be employed in a variety of other formats, 
15 for example, within the well of a microtiter plate. In this type of assay, a sample of interest is 
mixed with a hemocyte preparation and incubated for a preselected period of time. Then, a 
chromogenic substrate is added to the mixture and the sample incubated for another period of 
time. Then a reaction inhibitor, for example, acetic acid, is added to the sample, and an optical 
property of the sample, for example, absorbance or transmittance is measured. The result can 
20 then be compared against standard -values to determine whether Gram negative bacteria, Gram 
positive bacteria, or fungi are present are the sample of interest. An exemplary well-based 
endpoint chromogenic assay is described in Example 4. 

(ii) Endpoint Turbidimetric Assay 

[0064] The endpoint turbidimetric assay is described in Prior (1990) supra, pp. 28-34. 
25 Briefly, the end point turbidimetric assay includes the steps of (i) solubilizing a hemocyte lysate 
with a sample to be analyzed, (ii) incubating the resulting mixture at a temperature of about 0° to 
about 40° C, preferably about 25° to about 40°C, for a predetermined time, (iii) optionally 
adding a reaction inhibitor, for example, acetic acid, and (iv) measuring the increase in turbidity 



WO 2006/076617 



PCT/US2006/001305 



-18- 

as a result of coagulation, if any, using a conventional coagulometer, nepherometer, or 
spectrophotometer. 

[0065] Endpoint turbidimetric assays can be performed in a cartridge-type format. With 
reference to Figure 3A, a sample is applied to cartridge 1 and is moved, for example, to a first 
5 region 14 of the conduit 8 containing the hemocyte lysate, where it is solubilized, for example, 
by cycling between forward and reverse pump action. The sample-lysate mixture then is moved 
to optical cell 6 for measurement of an optical property, for example, turbidity, using an optical 
detector. Results from multiple assays, for example, two assays can be averaged. 

[0066] The assay can be calibrated, for example, by measuring the turbidity at a preselected 
10 time when a certain amount of Gram negative bacteria, Gram positive bacteria or fungi are 
introduced into the assay. It is understood that Gram negative bacteria give a first value, for 
example, a first range of turbidity values, fungi give a second value, for example, a second range 
of turbidity values, and Gram positive bacteria give a third value, for example, a third range of 
turbidity values. The first, second and third values preferably do not overlap with one another. 
15 By comparing the result generated by a test sample against one or more of the first, second and 
third values, it is possible to determine whether the microbe present in the test sample includes a 
Gram negative bacterium, a Gram positive bacterium or a fungus. 

[0067] This type of assay format may also be run in other formats, for example, within the 
well of a microtiter plate. In this type of assay, a sample of interest is mixed with a hemocyte 
20 preparation and incubated for a preselected period of time. The reaction can then be stopped by 
the addition of an inhibitor. An optical property, for example, turbidity, of the sample then is 
measured at a preselected time point. The result can then be compared against standard values 
to determine whether Gram negative bacteria, Gram positive bacteria, or fungus is present in the 
sample of interest. 

25 Specimen Collection and Preparation Considerations 

[0068] In general, materials used to harvest, store, or otherwise contact a sample to be tested, 
as well as test reagents, should be free of microbial contamination, for example, should be 
pyrogen-free. Materials may be rendered pyrogen-free by, for example, heating at 250°C for 30 
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minutes. Appropriate precautions should be taken to protect depyrogenated materials from 
subsequent environmental contamination. 

[0069] Once the sample has been harvested, the microbial contaminants preferably are 
cultured under aseptic conditions to provide individual colonies. The use of an 1 8-24 hour 
5 isolated culture may provide optimal results. The colonies then are carefully removed from the 
culture plates to avoid contaminating the culture with fragments of the growth media. The cells 
then are suspended in a lipopolysaccharide-free solution, for example, saline or water. The 
resulting suspensions can then be assayed using one or more of the assays described herein. 

[0070] The assays may be used to classify the type of microbe present in a sample of interest, 
10 for example, in a fluid, for example, a fluid to be administered locally or systemically, for 
example, parenterally to a mammal, or a body fluid to be tested for infection, including, for 
example, blood, lymph, urine, serum, plasma, ascites fluid, lung aspirants, and the like. In 
addition, the assays may be used to classify the type of microbe present in a water supply, for 
example, a supply of drinking water. In addition, the assays of the invention may be used to 
15 classify the type of microbial contaminant present in a food product, pharmaceutical, or medical 
device. Furthermore, the assays of the invention can be used to classify the type of microbe 
present on a surface. For example, the surface of interest is swabbed and the swab then is 
introduced into or dissolved in liquid. The liquid can then be assayed as described herein. 

EXAMPLES 

20 [0071] Practice of the invention will be more fully understood from the following examples, 
which are presented herein for illustrative purposes only, and should not be construed as limiting 
the invention in any way. 

Example 1 . Cartridge-based Multi-step Kinetic Assay 

25 [0072] An exemplary cartridge shown in Figure 3 was prepared as follows. Referring to 
Figure 4A, the LAL and chromogenic substrates were applied to regions 14' and 16 f , 
respectively, of conduit 8' of the bottom half 2 of the cartridge 1 using a Champion 3700 
automated cartridge filler (Creative Automation Company, Sun Valley CA). Briefly, 4-5.0 \xL of 
Endosafe LAL (Charles River Endosafe, Charleston, SC) containing 1% mannitol (Osmitrol, 
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Baxter, Deerfield, IL) and 0.1% dextran (MW 10-100K, Sigma-Aldrich, St. Louis, MO), was 
applied to regions 14'. 4-5.0 juL of (1.3 mg/mL) chromogenic substrate Ue-Glu-Ala-Arg-pNA 
Chromogenix S-2423 (Instrumentation Laboratories, Milan, Italy) containing 1 % polyvinyl 
alcohol (PVA) (MW 7K-30K, Sigma- Aldrich, St. Louis, MO), was applied to regions 16\ The 
5 bottom half 2 of the cartridge 1 was dried under a controlled temperature of 25°C +/- 2°C and a 
humidity of 5% +/- 5% in a Lunaire Environmental Steady State & Stability Test Chamber 
(Lunaire Environmental, Williamsport, PA) in a Puregas HF200 Heatless Dryer (MTI Puregas, 
Denver, CO) for 1 hour. Temperature and humidity was controlled by a Watlow Series 96 1/16 
DIN Temperature Controller (Watlow Electric Manufacturing Company, St. Louis, MO). 

10 [0073] Following fabrication, the two halves 2 and 3 were assembled such that regions 14' 
and 14 " were aligned one on top of the other, and the edges of the cartridge halves 2 and 3 
ultrasonically sealed using a Dukane Model 210 Ultrasonic Sealer (Dukane Corporation, St. 
Charles, IL) under the control of a Dukane Dynamic Process Controller (Dukane Corporation, 
St. Charles, IL). 

1 5 [0074] Multi-step kinetic assays then were performed using the cartridges as described in 
more detail hereinbelow. Briefly, several species of microorganisms listed in Table 1 were 
obtained from the America Type Culture Collection (ATCC) and grown on standard 
microbiological growth medium containing agar in Petri dishes under standard conditions. After 
overnight growth, individual colonies were removed from the surface of the agar using a sterile 

20 loop. The colonies then were suspended in sterile, clean saline (free of LPS or other bacterial 
contamination). The density of the suspension was adjusted to give a density of 0.5 units on the 
McFarland equivalence turbidity standard, 

[0075] A cartridge then was inserted into an Endosafe Portable Test System (PTS) obtained 
from Charles River Endosafe, Charleston, SC. Then, 25 [xL of each suspension was placed in an 

25 individual sample well of a cartridge. The sample was drawn into the cartridge by the PTS. 
Initially, the sample was combined with the hemocyte preparation. After a defined period of 
time, the sample was mixed with the chromogenic substrate (p-nitro aniline). The degree of 
reactivity in each sample was measured by kinetic reading of color development at 395 nm. The 
results are summarized in Table 1 and represent the time (in seconds) that elapsed to reach a 

30 particular color density (onset O.D.). 
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TABLE1 



Microorganism Tested 


Type 


Time to reach 
Onset OJX 
(seconds) 


Pseudomonas aeruginosa 
(ATCC 27853) 


Gram negative 


18 


Escherichia coli 
(ATCC 8739) 


Gram negative 


20 


Staphylcoccus aureus 
(ATCC 6538) 


Gram positive 


1200 


Bacillus suhtilis 
(ATCC 6633) 


Gram positive 


1200 


Candida albicans 
(ATCC 10231) 


Yeast 


271 


Aspergillus niger 
(ATCC 16404) 


Mold 


250 



5 [0076] The results summarized in Table 1 demonstrate that, under the conditions tested, the 
Gram-negative bacteria took 18-20 seconds to reach the onset O.D., yeast and mold took 250- 
271 seconds to reach the onset O.D., and Gram positive bacteria took 1200 seconds to reach the 
onset O.D, As a result of various studies, it has been found that the onset times for Gram- 
negative bacteria routinely can be less than 150 seconds, the onset times for yeast and molds 
10 routinely can range from 151 to 399 seconds, and the onset times for Gram -positive bacteria 

routinely can take 400 seconds or greater. Based on the onset times generated by a test sample, 
this assay can be used to determine whether Gram negative bacteria, fungi, or Gram positive 
bacteria are present in a sample of interest. 

15 Example 2. Well-based Kinetic Turbidimetric Assay 

[0077] A large number of samples may be run in a multi-welled microplate using Kinetic 
Turbidimetric Assay techniques. KTA reagent LAL Lot U2251L (R1900 KTA 2 , Charles River 
Endosafe, Charleston, SC) was prepared according to manufacturers directions and mixed with 
20 an equal volume of microbial suspension (0.5 McFarland Units). The reaction was performed in 
accordance with the manufacturers instructions. The time to reach onset O.D. (in seconds) was 
recorded for individual suspensions of E. coli, (gram negative), S. aureus (gram positive), and C. 
albicans (a yeast). Samples were run in triplicate. The results are summarized in Table 2. 
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TABLE2 



Microorganism Tested 


Type 


Time to reach Onset , 




O.D. (seconds) 


Escherichia coli 


Gram negative 


384.2 


(ATCC 8739) 




388.7 






386.4 


Candida albicans 


Yeast 


1464.4 


(ATCC 10231) 




1509.4 






1489.3 


Staphylococcus aureus 


Gram positive 


>3600.0 


(ATCC 6633) 




>3600.0 






>3600.0 



5 [0078] Although the standard kinetic turbidimetric method was slower than the multi-step 
kinetic chromogenic method used in Example 1 5 the overall results were the same. Gram type 
was interpreted by the degree of reactivity with LAL. The results indicate that, under the 
conditions tested, the Gram-negative bacteria took 384-388 seconds to reach the onset O.D., 
yeast took 1464-1509 seconds to reach the onset (XD., and Gram positive bacteria took more 
10 than 3600 seconds to reach the onset O.D. This assay can be used to classify a microorganism in 
a test sample. For example, this assay, based on the onset times generated by a test sample, can 
be used to determine whether Gram negative bacteria, fungi, or Gram positive bacteria is present 
in a sample of interest, 

15 Example 3. Well-based Kinetic Chromogenic Assay 

[0079] Large numbers of samples can be run using the Kinetic Chromogenic LAL assay in a 
multi-well microplate. LAL Lot U4132E (R170 Endochrome-k, Charles River Endosafe, 
Charleston, SC) was prepared according to manufacturers directions and mixed with an equal 
20 volume of microbial suspension (0.5 McFarland Units). The reaction was performed in 

accordance with the manufacturers instructions. The time to reach onset OJD. (in seconds) was 
recorded for individual suspensions of E. coli, (gram negative), S. aureus (gram positive) and C. 
albicans (a yeast). Samples were run in triplicate. The results are summarized in Table 3. 
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Microorganism 


Type 


Time to reach Onset 


Tested 




O.D. (seconds) 


Escherichia coli 


Gram negative 


213.0 


(ATCC 8739) 




218.4 






215.1 


Candida albicans 


Yeast 


882.4 


(ATCC 10231) 




889.7 






874.2 


Staphylococcus aureus 


Gram positive 


3061.9 


(ATCC 6633) 




3032.5 






2463.5 



5 [0080] Although the standard kinetic chromogenic assay was slower than the multi-step 
kinetic chromogenic method used in Example 1, the overall results were the same. Gram type 
was interpreted by the degree of reactivity with LAL. The results indicate that, under the 
conditions tested, the Gram-negative bacteria took 213-218 seconds to reach the onset O.D., 
yeast took 874-889 seconds to reach the onset O.D., and Gram positive bacteria took 2463-3061 
10 seconds to reach the onset O.D. Accordingly, this assay can be used to classify a microorganism 
in a test sample. For example, this assay, based on the onset times generated by a test sample, 
can be used to determine whether Gram negative bacteria, fungi, or Gram positive bacteria is 
present in a sample of interest. 

15 Example 4 . Well-based Endpoint Chromogenic Assay 

[0081] Samples were run using the Endpoint Chromogenic LAL assay in a multi-well 
microplate. LAL Lot T2092CT (R160 Endochrome, Charles River Endosafe, Charleston, SC) 
was prepared according to manufacturers directions and mixed with an equal volume of 
20 microbial suspension (0.5 McFarland equivalence turbidity standard). The reaction was 

performed in accordance with the manufacturers instructions. At the conclusion of the test, 
reactions were stopped by adding an equal volume of 20% acetic acid and the optical density at 
405 nm was recorded for individual suspensions of E. coli (Gram negative), S. aureus (Gram 
positive) and C. albicans (yeast). Samples were run in triplicate. The degree of reactivity in this 
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case, was measured in final optical density for each sample. The results are summarized in 
Table 4. 

TABLE 4 



Microorganism Tested 


Type .,://; J, ■ 


Optical 




Density '■ 


Escherichia coli 


Gram negative 


1.9770 


(ATCC 8739) 




2.3670 






2.4380 


Candida albicans 


Yeast 


0.1930 


(ATCC 10231) 




0.1840 






0.1930 


Staphylococcus aureus 


Gram positive 


0.0200 


(ATCC 6633) 




0.0220 






0.0250 



5 

[0082] Under the conditions tested, Gram negative bacteria had much greater reactivity due to 
its LPS content and resulted in OZ>. readings of 1.97-2.43. The yeast had less reactivity (0.18 - 
0.19) and Gram positive bacteria had very low reactivity (-0.02). Gram type was interpreted by 
10 the degree of reactivity with LAL. Accordingly, this assay can be used to classify a 

microorganism in a test sample. For example, this assay, based on the O.D. values generated by 
a test sample, can be used to determine whether Gram negative bacteria, fungi, or Gram positive 
bacteria were present in the sample of interest. 

15 Example 5 . Further Testing of Cartridge-based Multi-step Kinetic Assay 

[0083] Cartridges were prepared and used essentially as described in Example 1. In this 
example, the microbial isolates tested and properly identified are listed in Table 5. 



20 TABLE 5 



Microorganism Name 


Gram Type 


Microorganism Name 


Gram Type 


Acinetobacter baumannii 


Gram-negative 


Kocuria kristinae 


Gram-positive 


Acidovorax delqfieldii 


Gram-negative 


Kocuria rhizophila 


Gram-positive 


Aeromonas veronii 


Gram-negative 


Kocuria rosea 


Gram-positive 


Alicyclobacillus 
acidocaldarius 


Gram-positive 


Listeria monocytogenes 


Gram-positive 


Aquaspirrilium sp. 


Gram-negative 


Microbacterium 


Gram-positive 
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Microorganism Name 


Gram Type 


Microorganism Name 


Gram Type 






saperdae 




Aspergillus niger 


Mold 


Micrococcus species 


Gram-positive 


Bacillus cereus 


Gram-positive 


Morganella morganii 


Gram-negative 


Bacillus circulans 


Gram-positive 


Neisseria meningitidis 
serogroup B 


Gram-negative 


Bacillus dipsosauri 


Gram-positive 


Ochrobactrum anthropi 


Gram-negative 


Bacillus licheniformis 


Gram-positive 


Paenibacillus 
glucanolyticus 


Gram-positive 


Bacillus pumilus 


Gram-positive 


Paenibacillus 
polymyxa 


Gram-positive 


Bacillus sphaericus 


Gram-positive 


Pantoea ananas 


Gram-negative 


Bacillus subtilis 


Gram-positive 


Paracoccus marcusii 


Gram-negative 


Bacillus thuringensis 


Gram-positive 


Propionibacterium 
acnes 


Gram-positive 


Bordetella 
bronchiseptica 


Gram-negative . 


Pseudomonas 
aeruginosa 


Gram-negative 


Brevibacillus 
choshinensis 


Gram-positive 


Pseudomonas 
jluorescens 


Gram-negative 


Brevibacterium brevis 


Gram-positive 


Pseudomonas putida 


Gram-negative 


Burkholderia cepacia 


Gram-negative 


Pseudomonas stutzeri 


Gram-negative 


Candida albicans 


Yeast 


Proteus vulgaris 


Gram-negative 


Candida guillermondii 


Yeast 


Providencia rettgeri 


Gram-negative 


Candida parapilosis 


Yeast 


Ralstonia eutropha 


Gram-negative 


Comamonas (Delftia) 
acidovorans 


Gram-negative 


Ralstonia picketti 


Gram-negative 


Citrobacter braaki 


Gram-negative 


Rhodococcus equi 


Gram-positive 


Citrobacter freundii 


Gram-negative 


Rhodotorula glutinus 


Yeast 


Clostridum sporogenes 


Gram-positive 


Rhodotorula rubra 


Yeast 


Corynebacterium renale 


Gram-positive 


Salmonella 
typhimurium 


Gram-negative 


Cryptococcus humicolus 


Yeast 


Serratia liquefaciens 


Gram-negative 


Cryptococcus 
neoformans 


Yeast 


Serratia marcescens 


Gram-negative 


Cryseobacterium gleum 


Gram-negative 


Staphylococcus aureus 


Gram-positive 


Deinococcus radiodurans 


Gram-positive 


Staphylococcus 
auricularis 


Gram-positive 


Enterobacter cloacae 


Gram-negative 


Staphylococcus capitis 


Gram-positive 


Enterobacter intermedius 


Gram-negative 


Staphylococcus 
epidermidis 


Gram-positive 


Enterococcus faecalis 


Gram-positive 


Staphylococcus 
pasteuri 


Gram-positive 


Escherichia coli 


Gram-negative 


Staphylococcus 
warneri 


Gram-positive 
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Microorganism Name 


Gram Type 


Microorganism Name 


Gram Type 


Flavobacterium 
odoratam 


Gram-negative 


Stenotrophomonas 
maltophila 


Gram-negative 


Geobacilhis 
sterothermophilus 


Gram-positive 


Streptococccus 
pyogenes 


Gram-positive 


Hydrogenophaga 
palleronii 


Gram-negative 


Streptococcus sanguis 


Gram-positive 


Klebsiella oxytoca 


Gram-negative 


Yersinia kristensenii 


Gram-negative 


Klebsiella pneumoniae 


Gram-negative 







[0084] During the experiments, it was observed that Bacillus cereus, a gram positive organism 
known to produce extracellular proteases in aged cultures gave spurious results in cultures 
5 grown for more than 24 hours. Repeated testing of cultures up to 24 hours gave the proper Gram 
identification. Furthermore, it was found that Sphingomonas paucimobilis did not produce the 
expected result. Without wishing to be bound by theory, it is contemplated that this organism, 
which is a rare Gram negative bacterial species lacking lipopolysaccharide, did not react with 
the LAL under the conditions used for this experiment. 

10 [0085] Notwithstanding, the results summarized in this Example demonstrate that this method 
has general applicability for identifying whether Gram positive bacteria, Gram negative bacteria 
or fungus are present in a sample of interest. 

EQUIVALENTS 

[0086] The invention may be embodied in other specific forms without departing from the 
15 spirit or essential characteristics thereof. The foregoing embodiments are therefore to be 
considered in all respects illustrative rather than limiting on the invention described herein. 
Scope of the invention is thus indicated by the appended claims rather than by the foregoing 
description, and all changes that come within the meaning and range of equivalency of the 
claims are intended to be embraced therein. 

20 INCORPORATION BY REFERENCE 

[0087] AH publications and patent documents cited in this application are incorporated by 
reference in their entirety for all purposes to the same extent as if the entire contents of each 
individual publication or patent document was incorporated herein. 
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CLAIMS 



What is claimed is: 

1 1 . A method of classifying a microorgansim in a test sample, the method comprising the 

2 steps of: 

3 (a) combining the test sample with a hemocyte preparation to produce a mixture; 

4 (b) measuring either (i) an optical property of the mixture at a preselected time or (ii) a 

5 time in which a preselected change occurs in an optical property of the mixture; and 

6 (c) comparing the optical property of step (b)(i) or the time value of step (b)(ii) with one 

7 or more standard values to determine whether a Gram negative bacterium, a Gram 

8 positive bacterium, or a fungus is present in the sample. 

1 2. The method of claim 1, wherein in step (c), a first standard value of the optical property 

2 is indicative of the presence of Gram negative bacteria in the sample, a second standard value of 

3 the optical property is indicative of the presence of fungi in the sample, and a third standard 

4 value of the optical property is indicative of the presence of Gram positive bacteria in the 

5 sample. 

1 3. The method of claim 1, wherein in step (c), a first standard value of time is indicative of 

2 the presence of Gram negative bacteria in the sample, a second standard value of value is 

3 indicative of the presence of fungi in the sample, and a third standard value of time value is 

4 indicative of the presence of Gram positive bacteria in the sample. 

1 4. The method of any one of claims 1-3, wherein in step (b)(i), the optical property is 

2 absorbance of light at a preselected wavelength or transmittance of light at a preselected 

3 wavelength. 



1 5. The method of any one of claims 1-3, wherein in step (b)(i), the optical property is 

2 turbidity of the sample. 
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1 6. The method of any one of claims 1-3, wherein in step (b)(ii), the optical property is 

2 absorbance of light at a preselected wavelength or transmittance of light at a preselected 

3 wavelength. 

1 7. The method of any one of claims 1-3, wherein in step (b)(ii), the optical property is 

2 turbidity of the sample. 

1 8. The method of any one of claims 1-7, wherein in step (a) 5 the hemocyte preparation is an 

2 amebocyte lysate. 

1 9. The method of claim 8, wherein the amebocyte lysate is a Limulus amebocyte lysate. 

1 10. A method of classifying a microorganism in a test sample, the method comprising the 

2 steps of: 

3 (a) combining the test sample with a hemocyte preparation to produce a mixture; 

4 (b) measuring an optical property of the mixture at a preselected time; and 

5 (c) comparing the optical property of step (b) with standard values to determine whether 

6 a Gram negative bacteria, a Gram positive bacteria, or a fungus is present in the 

7 sample. 

1 11. The method of claim 10, wherein in step (c), a first standard value of the optical property 

2 is indicative of the presence of a Gram negative bacterium in the sample, a second standard 

3 value of the optical property is indicative of the presence of a fungus in the sample, and a third 

4 standard value of the optical property is indicative of the presence of a Gram positive bacterium 

5 in the sample. 

1 12. The method of claim 10 or 1 1, wherein in step (b), the optical property is absorbance of 

2 light at a preselected wavelength or transmittance of light at a preselected wavelength. 

1 13. The method of claim 10 or 1 1, wherein in step (b) 5 the optical property is turbidity of the 

2 sample. 
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1 14, The method of any one of claims 10-13, wherein in step (a), the hemocyte preparation is 

2 an amebocyte lysate. 

1 15. The method of claim 14, wherein the amebocyte lysate is a Limulus amebocyte lysate. 

1 16. A method of classifying a microorganism in a test sample, the method comprising the 

2 steps of: 

3 (a) combining the sample with a hemocyte preparation to produce a mixture; 

4 (b) measuring a time in which a preselected change occurs in an optical property of the 

5 mixture; and 

6 (c) comparing the time measured in step (b) with standard values to determine whether a 

7 Gram negative bacteria, a Gram positive bacteria, or a fungus is present in the 

8 sample. 

1 17. The method of claim 16, wherein in step (c), a first standard value is indicative of the 

2 presence of Gram negative bacteria in the sample, a second standard value is indicative of the 

3 presence of fungus in the sample, and a third standard value is indicative of the presence of 

4 Gram positive bacteria in the sample. 

1 18. The method of claim 16 or 17, wherein in step (b), the optical property is absorbance of 

2 light at a preselected wavelength or transmittance of light at a preselected wavelength. 

1 19. The method of claim 16 or 17, wherein in step (b), the optical property is turbidity of the 

2 sample. 

1 20. The method of any one of claims 16-19, wherein in step (a), the hemocyte preparation is 

2 an amebocyte lysate. 

1 21. The method of claim 20, wherein the amebocyte lysate is a Limulus amebocyte lysate. 

1 22. The method of any one of claims 1-21, wherein step (a) is performed in a cartridge. 

1 23. The method of any one of claims 1-21, wherein step (a) is performed in a well defined by 

2 a solid support. 
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1 24. The method of any one of claims 1-23, wherein in step (a), the mixture further comprises 

2 a chromogenic substrate. 

1 25. The method of claim 24, wherein the chromogenic substrate comprises a para- 

2 nitroaniline chromophore. 

1 26. The method of claim 24, wherein the chromogenic substrate comprises Ile-Glu-Ala-Arg- 

2 pNA, where pNA is a para-nitroaniline group. 

1 27. The method of any one of claims 1-26, wherein step (c) comprises comparing the 

2 measurement in step (b) with a standard value of the optical property indicative of the presence 

3 of Gram negative bacteria in the sample. 

1 28. The method of any one of claims 1-27, wherein step (c) comprises comparing the 

2 measurement in step (b) with a standard value of the optical property indicative of the presence 

3 of Gram positive bacteria in the sample. 

1 29. The method of any one of claims 1-28, wherein step (c) comprises comparing the 

2 measurement in step (b) with a standard value of the optical property indicative of the presence 

3 of a fungus in the sample. 

1 30. The method of claim 1, 10, or 16, wherein the standard value is a range of values of the 

2 optical property. 

1 31. The method of claim 1, 10, or 16, wherein the standard value is a range of times in which 

2 a preselected change occurs in the optical property. 

1 32. The method of any one of claims 1-30, wherein the fungus is a yeast or a mold. 
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COMBINE TEST SAMPLE 
WITH HEMOCYTE LYSATE 




f 


INCUBATE SAMPLE-LYSATE MIXTURE 




r 


COMBINE SAMPLE-LYSATE MIXTURE 
WITH CHROMOGENIC SUBSTRATE 




f 


MEASURE THE TIME THAT AN OPTICAL 
PROPERTY OF THE SAMPLE-LYSATE- 
SUBSTRATE MIXTURE CHANGES BY 
A PRESELECTED AMOUNT 


^ 


f 



DETERMINE THE PRESENCE OF A GRAM 
POSITIVE BACTERIA, A GRAM NEGATIVE 
BACTERIA, OR A FUNGUS BY COMPARING 

THE MEASUREMENT OF THE TEST 
SAMPLE WITH PRECALIBRATED VALUES 
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